We consider a general model for predator-prey interactions in which the instantaneous per unit growth rate j i -f t (N v N 2 )(t) of each species at any time t is a functional of species densities N^s) at previous times s ^ t. We assume that the equation for prey density N x obtained from the model in the absence of predators (N 2 -0) possesses at least one positive equilibrium c > 0 (which may or may not be stable). Our goal is to study the stability properties of positive equilibria N i -e i > 0 of the predator-prey system as they are functions of c.
Hypothesis (HI) guarantees that the prey has an equilibrium c of at least some minimal size CQ and that for c ^> CQ the predator-prey interaction has a positive equilibrium which approaches a finite point as c increases. Hypothesis (HI) also assumes (viz. e 2 (c 0 ) -0) that c 0 is the (H2) smallest value of c for which the branch of predator-prey equilibria e { (c) stays in the first quadrant (i.e., the infimum of those prey carrying capacities which could possibly support prédation). The smoothness assumptions on f { in (H2) allow us to linearize at the equilibrium e % (6) while the sign conditions in (H2) guarantee that the interaction near equilibrium is that of a predator and prey, that the first order interaction coefficients approach finite limits as c increases and finally that, to first order at equilibrium, only the prey density affects the predator's growth rate (a 22 (c) = 0). Lastly, (H3) demands that the equilibrium e^c) crosses into the fourth quadrant transversally at c -c 0 and that the two branches of equilibria (e^c), e 2 (c)) and (c, 0) meet at c -c 0 .
All of these hypotheses are, for example, met by the classical, linear response functionals
where e 1 -l/c 21 , e 2 -(c -c^1)/cc 12 and where a^ -hf^ is independent of c for i ^ /', a n = bjc and a 22 = 0. Here c 0 = l/c 21 > 0. This prototype model is in fact the basis on which the results of this paper are founded. The hypotheses are also met when the interspecific interaction terms in (1) in the complex z-plane [5] .
Here k*(z) is the Laplace transform of k^t).
If all roots lie in the left half plane (i.e., p # 0 for Re z = 0) then the equilibrium is (locally) asymptotically stable. If at least one root lies in the right half plane Re z > 0 then the equilibrium is unstable. Our goal thus reduces to the study of p as a function of c > c 0 .
In order to study p for large c we must first mention some results concerning the formal case when c = +oo (unlimited inherent prey resources) which may be found in [2, 3] . These results say roughly speaking that in this case the positive equilibrium is "usually" unstable. This lemma is Theorem 4 in [3, p. 43] and a proof can be found there (as well as in [2]). It implies that the positive equilibrium in the case of no prey self-inhibition (at least near equilibrium, i.e., a n -0) is usually unstable. This is because in only one case m -0 of infinitely many cases is the equilibrium stable, because m ¥= 0 for "generic" delay kernels which are of the form T" 1 exp(-f/r) or T~2texp(-t/T)
[3] and because even very "weak" delays cause instability as is shown by the following corollary. This corollary generalizes a result of Walther [7] . This lemma and its corollary apply for example to delay versions of the famous Volterra-Lotka model in which f t -b r -a 12 x 2 and f 2 = -b 2 + 021*1 an d f°r which the equilibrium is accordingly "usually" unstable, for even very "weak" delays. The author has not been able to construct kernels such that m = -1 in the lemma and hence for which a delay predator-prey model with infinite prey resouce has a stable equilibrium. Now we turn our attention to the original predator-prey model (S) under the hypotheses (Hl-3) and with the linearization (L). Let tends to zero uniformly on the closure of S(R) as c-^> +00 (since a n ( + oo) = 0). Thus for c large enough,
|pfe c) -pjz)\ < M râ \pjz)\, z G 8S(Ä), and it follows from Rouche's theorem that p(z, c) has roots inside S(R).
We have proved the following result.
THEOREM 1. Suppose that the response functionals f { in (S) satisfy (Hl-3) and that the delay kernels satisfy (H4). If pjz) with a given by (2) satisfies the hypotheses of the lemma with m i^ 1, then for all sufficiently large inherent prey equilibria c the positive equilibrium AT. = e { (c) of the delay predator-prey system (S) is unstable.
Inasmuch as the hypotheses on p x in this theorem (i.e., the lemma) are "usually" fulfilled for delay kernels satisfying (H4) as pointed out above (even for "weak" delays as in the corollary), this theorem says roughly speaking that predator-prey equilibria become unstable when the inherent prey equilibrium is large. This "enrichment paradox" is in complete accord with that stated by Rosenszweig [6] for nondelay models. Our result can apply to models for which the nondelay version has stable equilibria even for all c; for example, when the f i are given by the linear expressions (1). Thus, large inherent prey equilibria and the presence of even weak response delays lead to instabilities in predatorprey interactions. Note that nothing has been assumed about the stability or instability of the inherent prey equilibrium c. It may be stable (in which case it would be called "carrying capacity") or unstable. The latter case can occur for example because of significant response delays in the prey growth rate response to its own density (as for example in he delayed logistic equation [3, Chapters 3 and 5]).
Finally we consider the case when c is close to its minimal value c 0 . Here we have to distinguish two cases, depending upon the stability or instability of the inherent prey equilibrium e 1 (c 0 ) = c 0 as a solution of the prey equation Theorems 1 and 3 imply that if the prey species is inherently unstable at c -c 0 then the addition of a predator will result in an unstable interaction for both large inherent prey equilibria c and for equilibria c > c 0 near the unstable prey equilibrium c 0 . This does not mean in general that the predator-prey interaction is unstable for all c > c 0 however. A specific example using the linear response functionals (1) and "generic" exponential delay kernels is given in [3, Chapter 4.4] . This observation is interesting in relationship to the debate over whether prey resource or prédation of prey is the dominant feature controlling prey population sizes [4] , for this observation shows that it is conceivable that the prey is unstable in the absence of predators (due, for example to a large delay in growth rate response) and that at the same time the predator-prey interaction is also unstable in unlimited prey resource situations (again due to predator and/or prey interaction response delays). This situation is possible while at the same time, for appropriate intermediate values of prey equilibria c, the predator-prey community is stable.
In the case that the minimal prey equilibrium c 0 is stable the loss of stability in the predator-prey interaction as c varies from c 0 to -fco (as seen in Theorems 1 and 2) suggests a possible bifurcation of limit cycles at some critical value of c. This can occur; for details see [1, 2, 3] .
Numerically solved examples illustrating the above results can be found in [2, 3] .
